Background/Aims: Kidney transplantation (KT) reportedly provides a significant survival advantage over dialysis in diabetic patients. However, KT outcome in diabetic patients compared with that in non-diabetic patients remains controversial. In addition, owing to recent improvements in the outcomes of KT and management of cardiovascular diseases, it is necessary to analyze outcomes of recently performed KT in diabetic patients.
INTRODUCTION
The prevalence of diabetes mellitus (DM) has been increasing worldwide in recent decades, with the global prevalence estimated at 9% in 2014, according to a report by the World Health Organization. The report also mentions that DM was directly responsible for 1.5 million deaths and 89 million disability-adjusted life years in 2012 [1] . The prevalence of DM has also been increasing in Korea [2] . Diabetic nephropathy is the most com-www.kjim.org https://doi.org/10.3904/kjim.2016.067 mon cause of end-stage renal disease (ESRD) in Korea, with an increase from 19.5% in 1992 to 50.6% in 2012 [3] .
Kidney transplantation reportedly provides a significant survival advantage over dialysis, and it is considered the best renal replacement option for diabetic ESRD patients [4, 5] . In addition, several studies revealed that preemptive transplantation and living donor kidney transplantation were superior to deceased donor transplantation [6, 7] . However, kidney transplantation outcome in diabetic patients compared with that in non-diabetic patients remains controversial. Some studies reported poor graft survival and mortality in diabetic patients [8] [9] [10] , whereas others showed no significant differences in graft survival and mortality between diabetic and non-diabetic patients [11] [12] [13] [14] .
There are still patients and physicians who consider DM as deleterious to kidney transplantation outcomes. In addition, owing to recent improvements in the outcomes of kidney transplantation and management of cardiovascular diseases, it is necessary to analyze outcomes of recently performed kidney transplantation in diabetic patients. Furthermore, the type of DM is unclear in certain cases. Therefore, in this study, we compared the outcomes of recently performed kidney transplantation in diabetic patients with those in ageand sex-matched non-diabetic patients regardless of the etiology of ESRD and type of DM.
METHODS

Study design
In this retrospective study, we reviewed all patients who received kidney transplants between January 2008 and December 2011. Patients who were diagnosed with DM before transplantation and received living donor kidney transplants were included in this study. Patients who were under the age of 18 years and those who received other organ transplants were excluded. ABO incompatible or human leukocyte antigen (HLA) sensitized kidney transplantation were also excluded. In addition, only patients who were followed up for at least 1 year after transplantation were included. Each patient from the study group was age-and sex-matched with two non-diabetic patients who received living donor kidney transplants during the same period. The outcomes of living donor kidney transplantation were compared between diabetic and non-diabetic patients. The study was approved by Asan Medical Center Institutional Review Board (2016-0208).
Transplantation protocol
Patients received induction therapy with 20 mg of basiliximab on the day of surgery and on postoperative day 4. Maintenance immunosuppressive regimen consisted of a calcineurin inhibitor (cyclosporine or tacrolimus), antimetabolites (mycophenolate mofetil or azathioprine), and a corticosteroid. Postoperatively, all patients received oral trimethoprim/sulfamethoxazole (80/400 mg) for 6 months for pneumocystis pneumonia (PCP) prophylaxis. Cytomegalovirus (CMV) prophylactics were given routinely for CMV immunoglobulin G (IgG)-negative recipients matched with CMV IgG-positive donors. In other cases, preemptive therapy was administered based on serial monitoring for CMV antigenemia. All recipients underwent pre-transplant evaluation of cardiovascular risk by electrocardiogram, echocardiography and thallium-201 myocardial single photon emission computed tomography. When significant coronary artery disease was suspected, coronary angiogram was performed after discussion with cardiologists.
Data collection and definition
Baseline characteristics of patients, including age, sex, body mass index (BMI), past medical history, dialysis, and medications, were collected. Donor information and data on transplantation procedures was also reviewed. The occurrence of rejection, infection, cardiovascular events, and malignancy were also identified. Graft failure was defined as the recommencement of dialysis or direct second transplantation, and delayed graft function was defined as the use of dialysis in the first postoperative week [15] . Cardiovascular diseases included coronary artery disease, peripheral artery disease, and cerebral infarction. CMV infection was defined as ≥ 50 CMV (+) cells/200,000 white blood cells using a CMV antigenemia assay and was treated with ganciclovir. When plasma BK virus (BKV) DNA levels were > 10,000 copies/mL, BKV infection was diagnosed regardless of the presence of nephropathy. Protocol biopsies were not performed. Allograft biopsy was performed when rejection was clinically suspected. Renal biopsies were evalu- 
Statistical analysis
Data were expressed as mean ± standard deviation or number (percentage). For categorical variables, the chisquare test and Fisher exact test were used. Continuous variables were compared using the Student t test or Mann-Whitney U test. Graft survival and mortality rates were evaluated by the Kaplan-Meier method with logrank test. Cox proportional hazard analyses were used to assess variables associated with graft survival, using hazard ratios (HRs) and 95% confidence intervals (CIs). Variables with a p value of < 0.1 in the univariate analysis were included in the initial step of multivariate analysis. All reported p values were two-sided, and p values of < 0.05 were considered significant. All statistical analyses were performed using SPSS version 21.0 (IBM Corp., Armonk, NY, USA).
RESULTS
Baseline characteristics
A total of 887 patients received kidney transplantation between 2008 and 2011 at Asan Medical Center (Fig. 1) , of which 129 patients were excluded and 112 diabetic patients were included. However, four diabetic patients could not be matched with non-diabetic patients within 5 years of difference in age. In addition, 19 patients who received ABO incompatible or HLA sensitized kidney transplantation were excluded. Therefore, in the final analysis, 89 diabetic patients were compared with 178 non-diabetic patients. The mean BMI of diabetic patients was higher than that of non-diabetic patients (24.52 ± 3.68 kg/m 2 vs. 23.38 ± 2.89 kg/m 2 , p = 0.006) ( Table 1 ). Additionally, more diabetic patients than non-diabetic patients were diagnosed with cardiovascular disease before transplantation (21.3% vs. 6.7%, p = 0.001). The number of patients who were taking statin or renin-angiotensin blocker was not different between groups, but more patients were taking aspirin in diabetic patients (31.5% vs. 9.6%, p < 0.001). Other baseline characteristics were not significantly different between the two groups.
Acute rejection and infectious complications
The incidence of acute rejection was not different between the diabetic and non-diabetic patients (Table 2) . Delayed graft function occurred at similar rates in both groups (1.1% vs. 1.1%, p = 1). The overall incidence of infectious complications within the first year after transplantation did not differ significantly between the two groups (Table 3) . However, urinary tract infections and other infections occurred more frequently after the first year of transplantation in diabetic patients than in nondiabetic patients (12.4% vs. 3.9%, p = 0.017; 14.6% vs. 2.8%, p < 0.001, respectively). Finally, diabetic and non-diabetic patients showed similar incidence rates of CMV and BK virus infection.
Graft survival and mortality
The incidence of graft failure was 6.7% in diabetic patients and 2.8% in non-diabetic patients. In addition, graft survival rates at 1, 3, and 5 years were 100%, 100%, and 95% in diabetic patients and 100%, 99%, and 98% rank test) (Fig. 3) . One non-diabetic patient died due to progression of small cell lung cancer complicated with pneumonia 5 years and 9 months after transplantation, and the other died due to PCP complicated with candida sepsis 1 year and 2 months after transplantation.
The changes of graft function and proteinuria after transplantation
Allograft function was not significantly different between diabetic patients and non-diabetic patients until 6 years after transplantation. More patients had proteinuria ≥ 2+ on dipstick in diabetic group after 5 years of transplantation, but no significant difference was shown in other periods. Allograft function and proteinuria in each group are summarized in Table 5 .
Cardiovascular events and malignancy
More diabetic patients had cardiovascular disease before transplantation than non-diabetic patients. Likewise, diabetic patients experienced cardiovascular events more often than non-diabetic patients after transplantation (5.6% vs. 0.6%, p = 0.017). Three of the five diabetic patients and one non-diabetic patient who experienced cardiovascular events after transplantation already had past histories of cardiovascular disease before transplantation. Two of the diabetic patients had coronary artery disease and three had both coronary artery disease and peripheral artery disease. In contrast, a non-diabetic patient had only coronary artery disease. None of the patients in this study experienced stroke after transplantation. Finally, the incidence of malignancy of any type was not different between the two groups (4.5% vs. 2.8%, p = 0.487).
Subgroup analysis of NODAT patients
Among 178 non-diabetic patients, new-onset diabetes after transplantation (NODAT) developed in 62 patients (34.8%) during follow-up. Graft survival of diabetic patients and non-diabetic patients with or without NO-DAT was not significantly different (p = 0.142 and p = 0.217 by log rank test) (Fig. 4) . In the subgroup analysis of diabetic patients and non-diabetic patients without NO-DAT, the incidence of rejection and infection showed similar pattern with the results of overall analysis. The incidences of acute rejection within 1 year and after 1 year of transplantation were not different between the two groups (p = 0.623 and p = 0.855). In addition, although total incidence of infection within 1 year did not show significant difference (32.6% vs. 26.7%, p = 0.439), sepsis occurred in more patients in diabetic patients compared with non-diabetic patients without NODAT (9.0% vs. 0.9%, p = 0.011). After 1 year of transplantation, the difference of overall incidence of infection between the two groups did not reach statistical significance (23.6% vs. 13.8%, p = 0.098). However, urinary tract infection and other infections occurred more often in diabetic patients after 1 year of transplantation (12.4% vs. 3.4%, p = 0.027 for urinary tract infection; 14.6% vs. 3.4%, p = 0.005). However, the incidence of CMV and BKV infection was not different between two groups. 
DISCUSSION
In the present study, kidney transplantation outcomes (graft survival, mortality, acute rejection, and delayed graft function) in diabetic patients were comparable with those in non-diabetic patients. Urinary tract infection and other infections as well as cardiovascular events occurred more frequently in diabetic patients. However, DM, cardiovascular disease, and infection were not significant risk factors of graft failure. Late rejection (acute rejection after 1 year of transplantation) was the most important risk factor for graft failure after adjusting for DM, HLA mismatch, rejection and unrelated donor. Both death-censored graft survival and nondeath-censored graft survival were not different between the two patient groups. Although late rejection was the most important risk factor for graft failure, the incidence of acute rejection was not different between diabetic patients and non-diabetic patients. Regarding acute T cell mediated rejection, there was no significant difference in the Banff grade within 1 year of transplantation versus after 1 year of transplantation in this study. Further studies are necessary to elucidate whether diabetes increases rejection severity or refractoriness to the treatment of rejection. In addition, diabetic patients had higher prevalence of cardiovascular disease and other infections such as diabetic foot in this study. Therefore, other factors which were not evaluated in this study, such as more frequent exposure to radiocontrast agents or metabolic effects, might have contributed to renal function. Previous studies reported increased mortality related to cardiovascular disease in diabetic patients after kidney transplants [8] . However, in this study, no patient died from cardiovascular disease, and non-death-censored graft survival was comparable between the two groups. Improvements in pre-transplantation evaluation and management of cardiovascular disease might have contributed to these results. We have summarized the previous studies that have compared transplant outcomes between recipients with diabetes and without diabetes in Table 6 [8] [9] [10] [11] [12] [13] [14] 16, 17] .
In order to evaluate if the outcomes of kidney transplant recipients with diabetes have improved, we additionally analyzed recipients in 1995 to 1998. There were 25 diabetic patients who received living donor kidney transplantation between 1995 and 1998. The 1-, 3-and Values are presented as mean ± SD. DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; KT, kidney transplantation Table 6 . Previous studies which compared the outcomes of kidney transplant recipients with diabetes and without diabetes Study 5-year graft survival were 96%, 88%, and 88% in patients of 1995 to 1998 and 100%, 99%, and 95% in patients of 2008 to 2011. Three-year graft survival showed significant difference between the two groups (p = 0.033), but 5-year graft survival was not different (p = 0.177). The mean follow-up duration were different between the two groups, and the number of patients was small. Therefore, longer follow-up of this study population is necessary. Several studies suggested that hyperglycemia might be associated with an increased risk of acute allograft rejection in diabetic patients [7, 18] . However, in the present study, the incidence of acute rejection was not higher in diabetic patients either in or after the first year of transplantation. Maamoun et al. [16] also reported that between diabetic and non-diabetic recipients, there were no significant differences in rejection rates at 1 year (16% vs. 22%) or in freedom from rejection at 3 years (75.2% vs. 76.8%, p = 0.57). Strict glycemic control might be important for graft survival. Further studies to elucidate any relationship between DM and rejection are necessary in diabetic patients with transplants.
The incidence of infectious complications varies among studies. Lansang et al. [19] reported that the incidence of infections requiring hospitalizations, including septicemia, pneumonia, and urinary tract infection, was higher in diabetic patients with kidney transplants. In addition, Abbott et al. [20] reported that DM in transplant recipients was the only independent risk factor for fungal infections. However, several other reports showed that the infection rate was not different between diabetic patients and non-diabetic patients [9, 13] . In a study by Tokodai et al. [9] , there were no significant differences in total infection or urinary tract infection rates. In our study, the overall incidence of infection was not different between groups. However, sepsis (within 1 year of transplantation) and urinary tract infection and other infections (after 1 year of transplantation) occurred more frequently in diabetic patients, albeit with no significant impact on graft survival.
Several studies reported that transplant recipients with DM had a higher incidence of cardiovascular events [7, 8, 13, 21] . Cosio et al. [8] compared the cardiovascular risk between diabetic and non-diabetic recipients and showed that diabetic patients had reduced 5-year survival rate (70% vs. 93%, p < 0.001) and higher incidence of cardiovascular events (37% vs. 9%, p < 0.001). In non-diabetic patients, the incidence of post-transplant cardiovascular events was related to traditional cardiovascular risk factors; only the pre-transplant cardiovascular history was related to this outcome in diabetic patients. In the present study, more diabetic patients had a history of cardiovascular disease, and cardiovascular events occurred more frequently in diabetic patients after transplantation. However, the causes of death were malignancy progression and uncontrolled infections and no patient died from cardiovascular events. Long-term follow-up of these patients will allow for more definite results. This study has several limitations. First, this is a retrospective study based on patient medical records, so not all information could be obtained. Second, the follow-up period of patients was relatively short (mean, approximately 5 years); longer follow-up periods will allow for accumulation of more information on the outcomes of kidney transplantation in diabetic patients.
In conclusion, ESRD patients with DM had favorable outcomes with living donor kidney transplantation. The presence of DM, infection, and cardiovascular disease were not significant contributors of graft failure in patients with recently performed transplantation. Therefore, clinicians should consider recommending kidney transplantation to ESRD patients with diabetes. The incidence of cardiovascular events was still high in diabetic patients; thus, close preoperative evaluation and postoperative monitoring are necessary.
KEY MESSAGE
1. End-stage renal disease (ESRD) patients with diabetes mellitus (DM) had favorable outcomes with recently performed living donor kidney transplantation. 2. Acute rejection was the most important risk factor for graft failure after adjusting for DM, human leukocyte antigen mismatch, rejection, and types of donors. 3. Clinicians should consider recommending kidney transplantation to ESRD patients with diabetes.
